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(57) A system and method for a soft-handoff uses 
data packets and reduces the requisite communications 
capacity between the mobile switching center and the 
base station controller. For the reverse link, the base 
station controller determines the best frame or data 
packets from a mobile station in a soft-handoff. Accord- 
ingly, only the best data packet, as opposed to data 
packets from all of the base stations participating in the 
handoff, is transmitted on the reverse link between the 
base station controller and mobile switching center. 
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Description 

FIELD OF INVENTION 

[0001] This invention relates generally to wireless 
communication systems and more particularly toward a 
system and method for enhancing inter-site reverse traf- 
fic capacity for a soft hand-off. 

BACKGROUND 

[0002] A spread-spectrum system, such as a code- 
division multiple access (CDMA) system, typically sup- 
ports a soft hand-off. During a soft hand-off of the mobile 
station from one coverage area (e.g., sector) to another, 
multiple versions of similar signals may be transmitted 
between the mobile switching center on both the reverse 
path and the forward path. In the context of the reverse 
transmissions, the mobile station may transmit the re- 
verse channel to multiple base stations participating in 
the soft hand-off. The reverse channel propagates over 
different propagational paths between each base sta- 
tion and the mobile station in the soft hand-off. The base 
stations cooperate with the base station controller to for- 
ward the different versions of the received reverse chan- 
nel to the mobile switching center over communication 
lines between the mobile switching center and the base 
station controller. The mobile switching center analyzes 
the different versions may select the best version for for- 
warding to the other party communicating with the mo- 
bile station. 

[0003] The base station controller and the mobile 
switching center are interconnected by communications 
links or lines, such as El's or T1 's. In practice, for a wire- 
less communication system with a few hundred thou- 
sand subscribers, the communication lines between the 
mobile switching center and the base station controller 
may require one or more E3 capacity links or T3 capacity 
links to meet anticipated maximum traffic load require- 
ments; particularly, where many subscribers are en- 
gaged in a soft hand-off at the same time. The commu- 
nications links or lines may extend over long distances 
because the mobile switching center and the base sta- 
tion controller may be located at different sites that are 
separated by many kilometers, for example. 
[0004] In some cases, the service provider may re- 
quire considerable expenditures for leasing, installing, 
purchasing, and maintaining communications lines, 
high-capacity microwave equipment, or fiber optic 
equipment to provide adequate communications capac- 
ity between the mobile switching center and the base 
station controller. In other cases, the service provider 
may not have sufficient interconnect capacity between 
base station controller and the mobile switching center 
to handle duplicate voice channels for the soft hand-off, 
so calls may be blocked, leading to lost revenue and 
potentially the loss of customers. 
[0005] Thus, a need exists for enhancing the efficien- 



cy of inter-site communications between a base station 
controller and the mobile switching center in a wireless 
system to reduce expenditures for communications 
lines and to provide reliable service to subscribers. 

SUMMARY OF THE INVENTION 

[0006] In accordance with the invention, the system 
and method for a soft-handoff using data packets reduc- 
es the requisite communications capacity between the 
mobile switching center and the base station controller. 
For the reverse link, the base station controller deter- 
mines the best frame or data packets from a mobile sta- 
tion in a soft-handoff. 

[0007] Accordingly, only the best or preferred data 
packet, as opposed to data packets from all of the base 
stations participating in the handoff, is transmitted on the 
reverse link between the base station controller and mo- 
bile switching center. In practice, a sequence of best da- 
ta packets is transmitted to the mobile switching center 
in the above manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] In the specification and the following drawings, 
like reference numbers shall indicate like elements. 
[0009] FIG. 1 is a block diagram of a wireless com- 
munications network in accordance with the invention. 
[001 0] FIG. 2 is a block diagram of a base station con- 
troller of FIG. 1. 

[001 1] FIG. 3 is a block diagram illustrating a reverse 
signal path through the wireless network of FIG. 1 to 
support a soft hand-off. 

[0012] FIG. 4 is aflowchart of a method for facilitating 
reduction of a requisite reverse path capacity of the wire- 
less communications network during a soft hand-off in 
accordance with the invention. 

[0013] FIG.5A is a block diagram of a wireless com- 
munication network using a first consolidation scheme 
in accordance with the invention. 
[001 4] FIG. 5B is a chart illustrating the possible con- 
tents of a consolidating database for the first consolida- 
tion scheme of FIG. 5A. 

[001 5] FIG. 5C1 - FIG. 5C3 are charts illustrating pos- 
sible conversion data in the base stations for the first 
consolidation scheme of FIG. 5A. 
[0016] FIG.6A is a block diagram of a wireless com- 
munication network using a second consolidation 
scheme in accordance with the invention. 
[0017] FIG. 6B is a chart showing possible contents 
of a consolidating databaseforthe second consolidation 
scheme of FIG. 6A. 

[0018] FIG.7A is a block diagram of a wireless com- 
munication network using a third consolidation scheme 
in accordance with the invention. 
[0019] FIG. 73 is a chart showing possible contents 
of a consolidating database for the third consolidation 
scheme of FIG. 7A. 
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[0020] FIG. 8 is a flow chart of a method for consoli- 
dating data packets for upstream soft hand-off traffic in 
accordance with the invention. 

[0021] FIG. 9 is a block diagram of key components 
of the mobile switching centerforsupporting data packet 
communications of the invention. 
[0022] FIG. 10 illustrates a data structure for data 
packets that may be used to practice the invention. 
[0023] FIG. 11 illustrates a start field an asynchronous 
transfer mode cell in accordance with FIG. 10. 
[0024] FIG. 12 illustrates the contents of an AAL2 
header in accordance with FIG. 10. 

DETAILED DESCRIPTION 

[0025] As used herein a traffic packet includes a voice 
packet and/or a data packet. A data packet refers to a 
packet with any informational content and data structure 
format, including a voice packet, a signaling packet, a 
control data packet, an internet protocol (IP) packet , an 
asynchronous transfer mode (ATM) packet, an adaptive 
layer type 2 (AAL2) packet, and adaptive layer type 5 
(AAL5) packet, -a mini-packet, or the like. 
[0026] Consolidation generally refers to selection or 
derivation of an outgoing nonduplicative data packet for 
each group of duplicative incoming data packets for a 
reverse path transmission of a soft hand-off. Notwith- 
standing the foregoing definition of consolidation, con- 
solidation refers to any signal processing or error cor- 
rection scheme at a base station controller, an asyn- 
chronous transfer mode switch, or another signaling 
node that may produce an outgoing preferential data 
packet from digital signal processing of a group of in- 
coming duplicative data packets. 
[0027] In accordance with the invention, FIG. 1 shows 
a block diagram of a wireless network 11 . The wireless 
network 1 1 includes at least one mobile switching center 
(MSC) 1 0 that communicates with base station control- 
lers (BSC) 14 over communication lines 15. The base 
station controllers 14 and the mobile switching centers 
1 0 may be located at different sites, which may be sep- 
arated by various distances (e.g., 25 Km). The base sta- 
tion controllers 1 4 communicate with one or more base 
stations (BTS) 16. Each group of base stations 16 and 
its corresponding base station controller 14 may be re- 
ferred to as a base station subsystem 20. 
[0028] As illustrated in FIG. 1 two or more mobile 
switching centers 1 0 may communicate to one another 
via an ATM switch 1 2 or via an ATM network. The mobile 
switching center 1 0 is capable of handling data packets 
for transmission and reception between the mobile 
switching center 10 and the base station controller 14. 
The communication line 15 refers to any type of point- 
to-point or point-to-multipoint communications infra- 
structure including a fiber optic link, an optical link, a mi- 
crowave link, wireline equipment, pulse code modula- 
tion (PCM) equipment, aT1 link, an E1 link, a DS3 link, 
an STM-1 link, or otherwise. The communications line 



15 has a maximum capacity which maybe rated in terms 
of (Mbps) megabits per second, for example. 

[0029] The wireless network 1 1 may feature base sta- 
tions with daisy-chaining capability, without daisy-chain- 

5 ing capability, or both. A daisy-chaining capable base 
station 82 is one which includes an ATM interface 81 
that routes soft hand-off data packets from one or more 
downstream base stations 83 to a base station controller 
14 or an upstream base station. 

10 [0030] During a soft hand-off, channel elements of dif- 
ferent base stations 16 send duplicative packets asso- 
ciated with the reverse traffic generated by a mobile sta- 
tion 18. The ATM interface 81 detects the duplicative 
packets and forwards a selected packet, among the de- 

15 tected duplicative soft hand-off packets, to a base sta- 
tion controller 1 4. The ATM interface analyzes quality of 
the duplicative packets and selects the best quality of 
the received packets for transmission as a single select- 
ed packet, regardless of the number of different base 

20 stations 16. 

[0031] The non-daisy-chaining capable base station 

1 6 relies upon the base station controller 1 4 with an in- 
tegral or adjunct packet switching unit to be a selection 
and transmission node for data packets. 

25 [0032] FIG. 2 is a block diagram that shows a base 
station controller 14 in more detail than FIG. 1 . A base 
station controller 14 preferably includes a packet switch- 
ing unit 22 coupled to a consolidating server 26. Al- 
though the base station controller 1 4 may contain an in- 

30 tegral base station 1 6 as shown, the base station 1 6 may 
be located remotely from the base station controller 14 
and still fall within the scope of the invention. 
[0033] The packet switching unit 22 provides a first 
interface 32 to a mobile switching center 1 0 and a sec- 

35 ond interface 34 for one or more base stations 1 6 asso- 
ciated with the base station controller 14. The base sta- 
tion controller 14 controls channel assignment activity 
and other functions for its associated base stations 16. 
The packet switching unit 22 may provide a third inter- 

40 face 36 to one or more neighboring base station con- 
trollers 1 4 that neighbor the base station controller 1 4. 
[0034] The consolidating server 26 includes a storage 
device 28 and a selector 135. The storage device 28 
stores a consolidating database 30 for at least reverse 

45 path management between the mobile switching center 
10 and the base station controller 14 and between the 
base station controller 1 4 and the one or more base sta- 
tions 16. The consolidating database 30 may include 
records for forward link management as well as reverse 

50 link management. The selector 135 is only used for 
processing data packets on the reverse path between 
the base station 1 6 and the mobile switching center 10. 
[0035] The consolidating database 30 preferably 
comprises a consolidating table organized by different 

55 active soft hand-offs. The consolidating database 30 
may contain the following fields for each active soft 
hand-off: virtual path identifier (VPI), virtual channel 
identifier (VCI), and channel identifier (CID). A virtual 
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path indicator refers to a transmission path through a 
packet network. The virtual path indicator may be used 
to identify routing or the reverse path from a channel 
element of the base station 16 to a mobile switching 
center 10. A virtual channel identifier refers to an ad- 
dress of a channel group of voice channels, data chan- 
nels, or signaling channels of a particular base station 
16. The channel identifier refers to a particular air inter- 
face channel within the channel group from a mobilesta- 
tion 18. For the reverse path, the channel identifier is 
associated with a corresponding speech handler which 
is assigned to handle a reverse channel. The speech 
handler is a component of the mobile switching center 
14. 

[0036] A complete address for a data packet includes 
a virtual channel identifier, a virtual path identifier, and 
a channel identifier. The complete address may be 
stored in an ATM cell header, for example, to facilitate 
proper routing of data packets between the mobile 
switching center 10, the base station controller 14, and 
any base stations 16 participating in the soft hand-off. 
Groups of CID's and VCI, without the VPI may be suffi- 
cient to appropriately route data packets for soft hand- 
offs in wireless infrastructure networks without alterna- 
tive path choices or without routing ambiguity between 
different packet switching units 22. 
[0037] The BSC 1 4 preferably maintains a consolidat- 
ing table for mapping incoming VPI, VCI, and CID com- 
binations to outgoing VPI, VCI and CID combinations. 
As used herein in the reverse link context, incoming VPI, 
VCI, and CID combinations refer to codes or symbols 
originating from base stations 16. Incoming combina- 
tions are received on a downstream side of a BSC 14, 
or another network node. Outgoing VPI, VCI, and CID 
combinations refer to codes or symbols that are trans- 
mitted on the reverse signal path from a base station 
controller 14 or a similar node. Outgoing combinations 
are transmitted on an upstream side of the base station 
controller 14 to a mobile switching center 10. The BSC 
14 has a map entry of incoming/outgoing combinations 
for each of the legs in the soft handoff . The consolidating 
server 26 may maintain and update information about 
virtual channel identifiers (VCI's) and virtual path iden- 
tifiers (VPI's) for links going to neighboring BSC'S 14 at 
neighboring sites from the BSC 14 in a neighbor-at- 
tributes table. 

[0038] From the BTS 16 to the MSC 10, a virtual chan- 
nel connection (VCC) has two distinct links to a virtual 
connection: (1 ) a first link between the BTS 1 6 and BSC 
1 4 and (2) a second link between BSC 1 4 and the MSC 
10. The virtual circuit identifier can be selected inde- 
pendently for the first link and the second link on a link- 
by-link basis by the BSC 14. Accordingly, more alternate 
routes may be available when the first link is independ- 
ent from the second link. The consolidating table keeps 
an input/output map which maps corresponding virtual 
channel identifiers between the first link and the second 
link. In practice, CID's may be carried through the BSC 



1 4 and are the same forthe BTS-BSC link and the BSC- 
MSC link. 

[0039] For a soft hand-off where daisy chaining be- 
tween base stations is used, as few as one virtual path 
5 may be used with asingle VPI. Fora soft hand-off where 
no daisy-chaining is used for communication between 
base stations, the base station controller sets up sepa- 
rate virtual paths to each cell site involved in a soft hand- 
off. Accordingly, each leg of the soft hand-off may fea- 
ture a separate corresponding VPI. 
[0040] FIG. 3 illustrates a system for reducing requi- 
site traffic capacity on a reverse component of the com- 
munication line 1 5 between the mobile switching center 
1 0 and the base station controller 1 4. The base station 
controller 14 includes a reverse data packet receiver 
1 34 coupled to a selector 1 35 (e.g., a frame pre-selec- 
tor). In turn, the selector 1 35 is coupled to a reverse data 
packet transmitter 1 36. 

[0041] Multiple base stations 16 participate in a soft 
hand-off by receiving a reverse link signal from a mobile 
station 18. The base stations 16 send incoming data 
packets to the reverse data receiver 134. The incoming 
data packets are transmitted over a primary leg 85 and 
one or more secondary legs 86 of the soft hand-off for 
the base stations 16 participating in the soft hand-off. 
The primary leg 85 and the second legs 86 represent 
any suitable type communication lines (e.g., E1 or DS1 
lines) for carrying data packets. The multiple incoming 
data packets contain duplicative information from the re- 
verse link transmission of the mobile station 18 during 
a soft-handoff. The transmitter 136 communicates non- 
duplicative, selected data packets to a mobile switching 
center 10 viathecommunication line 15to conserve req- 
uisite communications capacity over the reverse path of 
the communications line 15. 

[0042] The reverse data packet receiver 134 and the 
transmitter 1 36 are components of the packet switching 
unit 22. The selector 135 and a storage device 28, in- 
cluding the consolidating database 30, are components 
of the consolidating server 26. 

[0043] FIG. 4 is a flow chart of the method for facili- 
tating reduction of the requisite reverse path capacity, 
and will be described in conjunction with the system of 
FIG. 3. Referring to FIG. 4, in step S16 a reverse data 
packet receiver 135 receives a plurality of duplicative 
data packets associated with a reverse link of a soft 
hand-off. The base stations 16 participating in a soft 
hand-off of a mobile station 1 8 transmit the data pack- 
ets. The BSC 1 4 looks at the consolidating database 30 
to determine the appropriate number and port assign- 
ments of duplicative incoming packets to be evaluated 
for selection of selected nonduplicative outgoing pack- 
ets. 

[0044] In step S18, a selector 135 selects one of the 
duplicative data packets based on an evaluation of a 
quality factor of the data packets. For example, the se- 
lector 1 35 may select a selected or preferential outgoing 
data packet out of the duplicative incoming data packets 
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based on asignal-to-noise ratio, a signal-to-interference 
ratio, a symbol error rate, or another signal quality pa- 
rameter associated with the duplicative signals during a 
given time interval. 

[0045] The selector 1 35 is associated with a base sta- 
tion controller 14 which is preferably remotely located 
from the mobile switching center 1 0. In the base station 
controller 14. a consolidating server 26 includes the se- 
lector 135 and consolidates the duplicative incoming 
packets from the base stations to select selected pack- 
ets based on signal quality parameters underlying the 
duplicative incoming packets. 

[0046] The BSC 14 receives multiple copies of a re- 
verse link transmission from the base stations 1 6. All of 
the legs participating in a soft hand-off must be received 
a the BSC 14 within a limited delay of each other. The 
BSC 14 will waitforselectingthe best leg until it receives 
a packet from each leg. If a packet doesn't arrive for 
each leg, the BSC 14 may ignore the packet after the 
expiration of a timer. The selector 135 selects the best 
constituent packets of a data message or voice call. 
[0047] In the context of a CDMA wireless system, the 
selector 1 35 may comprise a CDMA frame pre-selector. 
A frame may be considered the equivalent of a packet. 
The CDMA frame pre-selector processes at the AAL2 
layer, and not the ATM cell layer. The ATM switch or the 
consolidating server removes the ATM header. A group 
of AAL2 packets are given to the pre-frame selector. In 
one embodiment, the pre-frame selector receives the 
AAL2 packets belonging to the soft hand-off group and 
determines which AAL2 packets have suffered the least 
noise corruption. The noise evaluation procedure may 
be carried out on an AAL2 packet-by-packet basis so a 
previous AAL2 packet may come from one leg of the 
soft-handoff and the next following AAL2 packet may 
come from another leg of the soft hand-off. The reverse 
packet sent to the MSC 10 may be designated as the 
primary leg. Although the frame pre-selector has been 
described as using a noise evaluation procedure to se- 
lect selected data packets, the frame selector can per- 
form an error check, monitor the bit-error rate, or frame- 
error rate or select the best voice quality of data packets 
from each base station participating in the soft hand-off. 
Thus, the ATM/AAL2 switching functions of the BSC re- 
sult in bandwidth conservation on the links from the BSC 
to the MSC due to transmitting only a single AAL2 pack- 
et, ratherthan one data packetfor each soft hand-off leg. 
[0048] In step S20, a transmitter sends the preferen- 
tial one or the selected data packet of the data packets 
to a mobile switching center over the communications 
line 15. In the reverse path over communications line 15 
between the MSC 1 0 and the BSC 1 4, the base station 
controller transmits a single selected outgoing data 
packetfor each group of incoming duplicative data pack- 
ets. The selected outgoing data packet is destined for 
reception at a speech handler or vocoder of the mobile 
switching center 10. 

[0049] The requisite capacity on the reverse path be- 



tween the BSC 1 4 and the MSC 1 0 may be reduced by 
transmission of the selected data packets, as opposed 
to the incoming duplicative data packets from all legs of 
a soft hand-off. One leg of a soft hand-off may be des- 
5 ignated a primary leg 85, whereas the other legs partic- 
ipating in the soft hand-off may be referred to as sec- 
ondary legs 86 (FIG. 3). 

[0050] The routing of the data packets on the reverse 
path may be accomplished in an efficient manner that 
10 minimizes data processing or introduces routing flexibil- 
ity by assigning VCC's, CID's, VCI's and/or VPI's as fol- 
lows. In any embodiment set forth herein, different legs 
of the soft hand-off could use the same BTS-MSC CID 
to identify a particular vocoder or speech handler in the 
15 MSC 10. In one example, a vocoder atthe MSC 10 sup- 
ports up to seven legs of a soft hand-off. 
[0051] The BTS 1 6 may transmit a primary CID to the 
BSC 1 4 for forwarding to the MSC 10, without alterna- 
tion of the CID in the reverse path between the BSC 1 4 
20 and the MSC 10. On the reverse path, the VCI's from 
different base stations participating in the soft hand-off 
are different, but the CID's may be the same for all of 
the reverse packets associated with a particular soft 
hand-off. Thus, the data processing of the selector 135 
25 is minimized because the selector 1 35 only has a choice 
of one CID to send to the MSC 10. which refers to the 
primary leg of the soft hand-off. I n the context of a CDMA 
wireless system, the BSC may only need to process the 
AAL2 packets that are involved in the soft hand-off, thus 
30 resulting in less implementation complexity at the BSC. 
[0052] The consolidating server 26 references the 
consolidating database 30 to determine the identity of 
the CID and VCI for the BSC to the MSC link based the 
identity of the CID and VCI received from the BTS for 
35 primary leg 85, the secondary legs, or both. Each CID 
may identify a particular channel element in a vocoder 
or an interface of the mobile switching center. The base 
station controller 14 or the mobile switching center 10 
can assign any available CID designator of the mobile 
40 switching center 10 for the reverse path. Thus, in prac- 
tice, the actual CID value on the BSC to MSC link may 
be the same or different as the BSC to BTS legs of the 
soft hand-off. 

[0053] Three examples of distinct alternative 
45 schemes, which may be used for downstream multicast- 
ing of data packets, will now be described. In accord- 
ance with a first scheme illustrated in FIG. 5A through 
FIG. 5C, the MSC 1 0 supports one virtual channel con- 
nection (VCC) from the BTS's 16 to the MSC 1 0 (asso- 
50 ciated with all legs 71 of the soft hand-off)via the BSC 
1 4. In FIG. 5A, the VCC represents a point-to-multipoint 
virtual connection for the simultaneous forward trans- 
mission of data packets. A virtual communications line 
75 may, but need not, include an ATM switch or inter- 
55 mediate distribution node 72. Each data packet coming 
from the BTS is looked at by the BSC 1 4 and a soft hand- 
off CID is placed within the data packet to be consistent 
with available channel elements of vocoders in the MSC 
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10. 

[0054] The base stations 16 participating in the soft 
hand-off simultaneously receive the data packets trans- 
mitted from a mobile station 1 8 located in a hand-off re- 
gion 21 1 . As shown each base station 16 has a hexag- 
onal coverage area 213 for illustrative purposes; actual 
coverage areas of the base stations 1 6 may have virtu- 
ally any shape and each coverage area may be different 
from others. 

[0055] During a soft hand-off, the BSC 1 4 invokes the 
consolidating function in response to the detected re- 
ceipt of incoming duplicative data packets from the BTS 
16. The base stations send duplicative data packets 
(from multiple soft handoff legs) from the mobile switch- 
ing center 10 is sent to the BSC 14 on the VCC. The 
BSC 14 consolidates the incoming duplicative data 
packets into a preferential outgoing data packet using 
themapping listed in the consolidating database30. The 
BSC 14 preferably includes ATM/AAL2 switching built- 
in to the BSC 14. 

[0056] FIG. 5B shows an example of a consolidating 
table for storage in the consolidating database 30. The 
consolidating table of FIG. 5B may be used to route the 
data packets appropriately for a soft hand-off in accord- 
ance with the first consolidation scheme of FIG. 5A. The 
consolidating table of FIG. 5B includes incoming com- 
binations that refer to the incoming values of VPI, VCI, 
and CD on the link between the MSC 10 and BSC 14. 
The consolidating table includes outgoing combinations 
that refer to the outgoing values, of the VPI, VCI. and 
CID on the three legs, participating in the soft hand-off, 
from the BSC 14 to a BTS 16. The consolidating table 
is maintained to map incoming VPI, VCI, and CID com- 
binations to outgoing VPI, VCI, and CID combinations. 
For purposes of packet selection among the incoming 
duplicative data packets, the BSC makes use of the 
mapping listed in the consolidation table. 
[0057] Advantageously, the incoming values and the 
outgoing values of VPI and VCI are identical for a pri- 
mary leg of the soft-handoff and the BSC-MSC link to 
reduce processing at the BSC 14 at least for the primary 
leg. For example : as shown the MSC-BSC link and the 
primary leg have a VPI of two and a VCI of two, although 
other numbers, symbols or codes could be used to rep- 
resent VPI and VCI values. Further, the outgoing com- 
binations include a SH CID for the BTS 1 6 such that the 
BTS 1 6 can use the SH CID to identify the appropriate 
actual channel element, indicated by an actual call ad- 
dress, such as an actual DLCI (an actual digital logical 
channel indicator) stored within the base station 1 6. The 
actual DLCI may represent a channel element that was 
servicing a mobile station before a soft hand-off was in- 
itiated. 

[0058] FIG. 5C1 through FIG. 5C3 are examples of 
charts of translation tables present at each base station 
16 participating in the soft hand-off of FIG. 5A. The 
translation tables allow the base station 16 to identify 
theproperchannel element indicated bytheactual DLCI 



from reading the soft hand-off CID in the received, cop- 
ied data packet. 

[0059] In accordance with a second consolidation 
scheme, FIG. 6A illustrates that the MSC 10 supports 

5 one VCC from each BTS to a BSC or more separate 
independent VCC's from the BSC 14 to MSC 10. The 
BSC 14 looks at each duplicative incoming data packet 
(e.g., AAL2 packet) coming from the BTS's 16. The BSC 
1 4 invokes the consolidating function to select a prefer- 

10 ential outgoing data packet for each group of incoming 
duplicative data packets. 

[0060] The MSC 1 0 sends a single original copy of the 
soft handoff packet (destined for multiple soft hand-off 
legs) to the BSC 1 4 on one of the VCC's to the BSC 14. 
15 The BSC 14 makes multiple copies and sends to each 
BTS 16 involved in the soft handoff using the mapping 
listed in the consolidating table. ATM/AAL2 switching is 
preferably built in to the BSC 14. 
[0061] FIG. 6B shows an example of a consolidating 
20 table that may be used to route the data packets appro- 
priately for a soft hand-off in accordance with the second 
consolidation scheme of FIG. 6A. Like reference num- 
bers in FIG. 5A and FIG. 6A indicate like elements. 
[0062] A consolidating table is maintained for map- 
25 ping incoming VPI/VCI and CID combinations to outgo- 
ing VPI/VCI and CID combinations. The consolidating 
table contains a map entry for incoming/outgoing com- 
binations for each of the legs in a soft handoff. For pur- 
poses of frame or packet selection, the BSC uses map- 
30 ping listed in the consolidating table. 

[0063] The outgoing combinations refer to the outgo- 
ing values of VPI and VCI on the link between the MSC 
1 0 and BSC 1 4. The incoming combinations refer to the 
incoming values, of the VPI and VCI on the three legs 
35 71 , participating in the soft hand-off, from the BSC 14 to 
a BTS 1 6. The incoming values and the outgoing values 
of VPI may be identical. However, the incoming and out- 
going values of VCI are different because of the inde- 
pendent VCC's between the MSC-BSC link and the 
40 BSC-BTS links. 

[0064] ATM/AAL2 switching is built into the BSC. The 
second scheme results in superior bandwidth savings 
from the BSC to the MSC as compared to the first 
scheme because only a single VCC is reserved or used 
45 from the BSC to the MSC for each soft hand-off. The 
single VCC from the BSC to MSC has a first value inde- 
pendent of a second value of the VCC from the BTS to 
the MSC. In contrast, in accordance with the first 
scheme each BTS reserves or uses a VCC from the 
50 BSC to the MSC such that different values of VCC's from 
the BSC to the MSC are associated with corresponding 
legs of the soft hand-off. 

[0065] In accordance with a third consolidation 
scheme illustrated in FIG. 7 A, an ATM switch 92 may be 
55 a separate, stand-alone version from a BSC 91 to facil- 
itate reduced complexity of processing data packets at 
the site of the BSC 91 . The BSC 91 contains a consol- 
idating server, a consolidating database, and an inter- 
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face for controlling the ATM switch 92. The MSC 1 0 sup- 
ports a first VCC from the BTS 10 to the MSC 16 for 
non-soft hand-off connections and a separate VCC from 
the site of the BTS 16 to the BSC 91 for each of the legs 
71 of at least one soft hand-off connection. From the 
BSC to the MSC, the VCC's for the soft-handoff connec- 
tion have a second VCC with a value distinct from the 
value of the first VCC. The second VCC may have a 
value identical to the VCC from the BTS to the MSC for 
the hand-offs. That is, the direct VCC may be passed 
through the ATM switch 92 and the base station control- 
ler 91 without intervention or without changing a first val- 
ue of the VCC between the BTS and the BSC to a sec- 
ond value, distinct from the first value, between the BSC 
and the MSC. The BSC 91 only processes the data 
packets (e.g., AAL2 packets) that are involved in the soft 
hand-off. Thus, less implementation complexity and 
processing of VCC's is required at the BSC 91 than 
might otherwise be required. 

[0066] On the reverse path the base station controller 
91 or the co-located ATM switch 92 assigns an outgoing 
VCI between the BSC and the MSC and associates the 
assigned outgoing VCI group of incoming VCI's for the 
soft hand-off traffic of each base station 16. The mobile 
switching center 1 0 may assign another VCI for non-soft 
hand-off traffic at each base station 1 6. A stream of ATM 
cells for different base station 16 have different VCI's. 
Many voice calls carried over a single base station 16 
can share the same VCI. A channel identifier identifies 
the different voice calls for different mobile stations 1 8, 
although the voice calls may be transmitted from the 
same base station 16. 

[0067] FIG. 73 shows an example of a consolidating 
table that may be used to route the data packets appro- 
priately for a soft hand-off in accordance with the third 
consolidation scheme of FIG. 7A. The consolidating ta- 
ble of FIG. 7B includes incoming combinations that refer 
to the incoming values of VPI and VCI from the BSC 91 
to the MSC 1 0. The consolidating table includes outgo- 
ing combinations that refer to the outgoing values, of the 
VPI and VCI on the two legs 71 . participating in the soft 
hand-off, from the site of the BSC 91 to a BTS 1 6. The 
incoming values and the outgoing values of VPI may be 
identical for the soft hand-off traffic and the non soft 
hand-off traffic. However, the incoming and outgoing 
values of VCI are different for the soft hand-off traffic, 
than the non soft hand-off traffic, because of the inde- 
pendent VCC's between the MSC-BSC link and the 
BSC-BTS links. The incoming and outgoing values of 
VCI are the same for the non-soft hand-off traffic to each 
BTS 1 6. 

[0068] FIG. 8 is a flow chart for a method of consoli- 
dating data packets for upstream soft hand-off traffic at 
a base station controller 14. During soft hand-offs in the 
wireless system, the mobile switching center 10 deter- 
mines when a soft hand-off is appropriate for a particular 
mobile station 18. Initially in step S50, the base station 
controller 14 receives a message from the MSC 10 



about notification of an addition of a soft hand-off leg 
upon entry into a soft hand-off mode for a particular mo- 
bile station 18. In step S52, the base station controller 
14 updates the consolidating database 30 consistent 

5 with the addition of one or more soft hand-off legs. Steps 
S50 and S52 occur independently of the other steps in 
FIG. 8. The dashed line between S52 and S56 repre- 
sents communications associated with accessing the 
consolidating table. 

10 [0069] The base station controller 1 4 receives a data 
packet (e.g., an AAL2 upstream packet) from one or 
more base stations 16 in step S74. 
[0070] In step S56, the base station controller 14 de- 
termines whether or not the data packet address (e.g., 

15 AAL2 address) and its associated VCI/VPI for the re- 
ceived data packet are present in the consolidating ta- 
ble. If the data packet address and the VCI/VPI data are 
present, the method continues to- step S58. However 
if the data packet address or the VCI/VPI address for 

20 the received data packet are not present, the method 
continues with step S80. In step S58, the base station 
controller 14 sends the received data packet to the 
frame selector to select a selected or preferential packet 
from among the received data packets associated with 

25 a particular mobile station engaged in a soft hand-off. 
Following step S58 in step S60, the base station con- 
troller 14 transmits the selected or preferential data 
packet in the relevant upstream VPI/VCI . The transmis- 
sion of the replicated multiple data packets (e.g., AAL2 

30 packets) may include multiplexing the selected data 
packets with other data packets for transmission as an 
ATM packet, for example. 

[0071] In step S60, which may follow step S56, the 
base station controller 14 transmits a data packet (e.g., 

35 AAL2 packet) in the relevant upstream VPI/VCI. The 
transmission of the data packet may include multiplex- 
ing the replicated data packets with other data packets 
for transmission as an ATM packet, for example. 
[0072] FIG. 9 illustrates the switching center 10 of 

40 FIG. 1 in more detail. The switching center 1 0 preferably 
supports an AAL2 transport mechanism and multiplex- 
ing of ATM cells. For simplicity, only certain significant 
data packet aspects of the mobile switching center 10 
are shown in FIG. 9. In practice, the mobile switching 

45 center 10 supports other functions, such as call man- 
agement and signaling messaging. 
[0073] The mobile switching center 10 includes a 
voice processor 1 00 that communications with a pack- 
etization/depacketization manager 101 . In turn, a pay- 

50 load manager communications 102 with the packetiza- 
tion/depacketization manager 101. The payload man- 
ager 102 is coupled to an ATM cell header processor 
1 03 and an ATM cell queue 1 04 for interfacing at least- 
one base station controller 1 4. The voice processor 1 00 

55 may be coupled to a public switched telephone network 
105 or another communications network. The voice 
processor 100, packetization/depacketization manager 
1 01 , and payload manager 1 02 are described for func- 
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tions for the reverse link. In one embodiment the pack- 
etization/depacketization manager 101 provides AAL2 
service specific convergence sublayer processing and 
the payload manager provides AAL2 common part sub- 
layer processing. 

[0074] For purposes of illustrating the operation of the 
mobile switching center 10 in the reverse link, assume 
that the public switched telephone network 105 carries 
a voice call that is communicating with a mobile station 
18 in a soft hand-off. In the context of a reverse channel 
operation, the base station controller 14 sends an ATM 
data packet to the ATM cell queue 104. The ATM cell 
header processor 1 03 removes the cell header and for- 
wards the data packet to the payload manager 1 02. The 
payload manager retrieves and transfers AAL2 packets 
to the packetization/depacketization manager 1 01 . The 
packetization/depacketization manager 101 performs 
depacketization of the AAL2 data packets into a data 
stream. The packetization/depacketization manager 
101 buffers the data stream for a build-out delay before 
playing out the packets for the choice processor. The 
packetization/depacketization manager 101 preferable 
uses sequence numbers to decide where to place de- 
layed packets in a sequence of the data stream and to 
maintain data integrity of the play-out process. The 
voice processor 100 receives the data stream and de- 
codes the data stream in a suitable fashion for transmis- 
sion to a party participating a call with the mobile station 
1 6 via the public switched telephone network 1 05. The 
voice processor 100 may suppress noise or provide 
noisefill during silence periods of no voice conversation. 
[0075] FIG. 10 illustrates a data structure employing 
asynchronous transfer mode (ATM), adaptation layer 
type 2 (AAL2), common part sublayer (CPS) together 
with a service specific convergence sublayer (SSCS) for 
carrying compressed voice over ATM . Assume the MSC 
10 receives a voice signal from a public switched tele- 
phone network (PSTN) at a 64 Kbps or 56 Kbps (DS0) 
rate. The ATM-compatible MSC 10 may convert the 
voice signal into ATM packets using AAL2 for forward 
transmission to the base station controller 1 4 consistent 
with the data structure of FIG. 10. 
[0076] Details of the AAL2 voice packetization and 
multiplexing are shown in FIG. 10. The voice payload 
units designated 201 through 203 represent information 
segments from different voice sources being multi- 
plexed in one ATM voice channel 204. Although the 
AAL2 packets 205 represent voice information for illus- 
trative purposes here, in other embodiments each AAL2 
packet may contain a segment of a voice call, a segment 
of a data message, or other information (e.g., signaling 
data or control data). Each voice information segment 
is appended with an AAL2 header 206. The AAL2 head- 
er 206 may be placed in the middle of an ATM cell 207, 
for example. The channel ID (CID) within each AAL2 
header206 identified the voice call with which the AAL2 
packet is associated. 

[0077] The AAL2 packets 205 are preferably multi- 



plexed back-to-back in the ATM cell payloads, except 
for one octet (e.g., first octet) or eight bits of each ATM 
cell 207 which is used for a start field 208 (STF). The 
start field 208 points to the beginning of a first AAL2 
5 header 206 in an ATM cell 207. 

[0078] AAL2 packets 205 may cross over ATM cell 
boundaries 209. An AAL2 packet 205 in a subsequent 
cell may be related to earlier data from a previous ATM 
cell. The AAL2 packet boundaries 210 need not match 
10 with the ATM cell boundaries. An AAL2 packet may be 
in the middle of payload of one ATM cell, and it may end 
somewhere in the payload of a subsequent ATM cell. 
[0079] FIG. 1 1 illustrates an example of a start field of 
an ATM cell, which may be used to carry an AAL2 pay- 
's load. As shown in FIG. 11 . the STF octet contains a 6-bit 
Offset Field (OSF), one bit sequence indicator (for ATM 
cells of a given voice channel), and one bitfor odd parity. 
The OSF in each cell points to the first AAL2 packet 
boundary in that cell. For example, the OSF value may 
20 range from a minimum value (e.g., 0) to a maximum val- 
ue (e.g., 47). The OSF may besetto the minimum value 
if the AAL2 packet begins right next to the STF. The OSF 
may be set to the maximum value if there is no AAL2 
packet boundary in the cell payload. 
25 [0080] The details of the AAL2 header are shown in 
FIG. 12. The one octet channel ID (CID) identifies up to 
248 voice connections. A six bit long length indicator (LI) 
provides AAL2 packet length in octets (Up to 64 octets). 
Five bits in the AAL2 header are designated for use as 
30 user-to-user indication (UUI).The UUI field maybe used 
to communicate service-provider specific or proprietary 
messages (for each connection individually) regarding 
voice-coding type used and sequence numbers of AAL2 
packets. Sequence numbers in AAL2 packet headers 
35 facilitate detection of delayed or lost packets in the play- 
out process. When a delayed or lost packet is detected 
in the play-out process, a fill packet is typically played 
out in its place. An example of a fill packet is repetition 
of the packet played out in the preceding packet interval . 
40 [0081] The reason for using AAL2 in conjunction with 
ATM to practice the invention is as follows. ATM is 
geared for efficient transmission and packet stuffing at 
64 KBPS voice coding rates. However, many wireless 
applications work at lower coding rates on the order of 
45 8 Kbps to 14 Kbps. If a 20ms packetization interval is 
selected, which is generally the maximum packetization 
delay allowable for voice calls, the payload of an ATM 
cell is notfilled by data provided at 1 4 Kbps. Accordingly 
the AAL2 data protocol provides another layer of pack- 
50 ets of smaller size than the ATM cells, such that the 
AAL2 packets are of variable size. Unlike ATM cells, 
AAL2 packets are placed back-to-back within a fixed 
length payload of ATM cells and can cross the bounda- 
ries of ATM cells. Each AAL2 packet has another head- 
55 er, besides the header provided by the ATM cell. An ATM 
header is compatible with placing AAL2 packets inside 
the ATM cell. The AAL2 facilitates the elimination of idle 
or empty portions of the ATM packet. Each AAL2 packet 
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identifies the call source or destination. 
[0082] The base station controller 1 4, the base station 
16, and the mobile switching center 10 preferably in- 
clude suitable receivers for reading data packets, such 
as ATM packets and AAL2 packets. Such a receiver re- 
ceives an ATM packet containing AAL2 and decodes the 
ATM packet as follows. First, the receiver processes the 
ATM header and removes it to obtain 48 octets. The first 
octet is read because it contains the STF. The STF is 
used to find the starting position of the first AAL2 packet 
in the ATM packet. Starting from the first AAL2 packet 
the 47 octet payload is laid out sequentially in a receiver 
buffer memory as a byte stream. Each AAL2 packet is 
read to determine which voice call or data message to 
which the AAL2 packet should be applied. Further, the 
sequence of each AAL2 packet for a particular voice call 
or data message and the length of the voice call or data 
message are read. The byte stream is demultiplexed in- 
to different voice calls, data messages, or both which 
are forwarded to different decoders to reproduce the 
call. The above procedure is fairly robust because if an 
AAL2 data packet gets lost or corrupt, the receiver may 
identify the sequence number of the AAL2 data packet 
and complete a data recovery procedure. 
[0083] Although the method and system for enhanc- 
ing inter-site traffic capacity is primarily described with 
reference to ATM packet formats (in combination with 
use of AAL2 adaptation layer protocol), the invention is 
generally applicable to packet formats of any kind, such 
as, internet protocol (IP) and frame relay (FR). In an al- 
ternate embodiments, the method and system may be 
practiced with internet protocol data packets, AAL5 data 
packets, variants thereof, Generic RTP Multiplexing 
(GeRM) protocol, or other data packet structures. 
[0084] AAL5 is an adaptation layer protocol which is 
most suitable for adapting voice content to ATM pack- 
ets. Generic RTP Multiplexing (GeRM) protocol may be 
used for packetization of voice information if IP is the 
transport protocol for the communications line 15 or 
more generally for the backhaul network of the wireless 
communications system. GeRM is a protocol that emu- 
lates AAL2. GeRM allows for multiplexing of voice pack- 
ets or mini-packets from multiple voice sources within 
an IP packet. Thus, GeRM helps reduce packet over- 
head associated with voice over I P. IP header compres- 
sion may be used to further reduce overhead for voice 
over IP and falls within the scope of the invention. 
[0085] The method and system is applicable to effi- 
cient handling of soft hand-offs for data applications and 
video applications as well as voice applications. If the 
transport protocol were IP, there is no need for an ad- 
aptation layer for data, and the efficient handling of soft- 
handoff for data applications will be performed at the IP 
layer itself. 

[0086] The method and system for enhancing inter- 
site traffic capacity between the MSC and BSC or be- 
tween the MSC and BTS, is well-suited for application 
to CDMA wireless systems. In a current state-of-the art 



CDMA wireless system, the MSC maintains separate 
dedicated connections for duplicative signals between 
the MSC and the BSC. In accordance with the invention, 
a single virtual connection between the BSC and the 
5 MSC is sufficient to support the forward traffic for at least 
one soft hand-off such that the forward traffic load may 
be reduced. 

[0087] In a conventional soft hand-off of prior art wire- 
less networks, the number of duplicative signals de- 
10 pends upon the number of legs or the number of pseu- 
dorandom noise code offsets in the active set of a soft 
hand-off. For example, approximately 35 percent of the 
capacity between the MSC and the BSC may represent 
traffic overhead carrying duplicative signals of various 
15 soft hand-offs in the prior art wireless network. In con- 
trast, the invention disclosed herein can facilitate an es- 
timated 40 percent or better reduction in requisite traffic 
capacity between the BSC and the MSC, assuming one 
or more three legged soft hand-offs and the aforemen- 
20 tioned thirty-five percent overhead. 

[0088] The specification describes various illustrative 
embodiments of the system and method of the inven- 
tion. The scope of the claims is intended to covervarious 
modifications and equivalent arrangements of the illus- 
25 trative embodiments disclosed in the specification. 
Therefore, the following claims should be accorded the 
reasonably broadest interpretation to cover modifica- 
tions, equivalent structures, and features which are con- 
sistent with the spirit and the scope of the invention dis- 
30 closed herein. 



Claims 

1 . A method for a soft hand-off comprising: 

receiving a plurality of generally duplicative in- 
coming data packets from a mobile station as- 
sociated with a reverse path of a soft hand-off; 
selecting a preferential one of the duplicative 
incoming data packets based on an evaluation 
of a signal quality factor associated with the du- 
plicative incoming data packets; and 
sending the preferential one of the duplicative 
incoming data packets to a mobile switching 
center. 

2. The method according to claim 1 further comprising 
the step of: 

establishing a consolidating database to de- 
fine routing of the preferential data packetto the mo- 
bile switching center from base stations participat- 
ing in the soft hand-off. 

3. The method according to claim 1 further comprising 
the step of: 

establishing a consolidating database includ- 
ing virtual path identifiers and channel identifiers, 
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the virtual path identifiers identifying routing of the 
duplicative incoming data packets and the prefer- 
ential data packet between at least one base station 
and the mobile switching center, the channel iden- 
tifiers indicating destination channel elements of 
vocoders of the mobile switching center. 

4. The method according to claim 1 furthercomprising 
the step of: 

establishing a consolidating database includ- 
ing incoming combinations of virtual path identifiers 
and virtual channel identifiers and outgoing combi- 
nations of virtual path identifiers and virtual channel 
identifiers, the incoming combinations defining 
communications between base stations participat- 
ing in the soft hand-off and a base station controller, 
and the outgoing combinations defining communi- 
cations between the base station controller and a 
mobile switching center. 

5. The method according to claim 1 furthercomprising 
the step of: 

establishing a consolidating database for de- 
fining at least one first link between base stations 
participating in a soft hand-off and a base station 
controller and defining a second link between the 
base station controller and the mobile switching 
center such that the at least one first link and the 
second link have independent virtual channel con- 
nections. 

6. The method according to claim 1 furthercomprising 
the step of: 

establishing a consolidating database for de- 
fining an incoming combination and an outgoing 
combination of channel identifiers and virtual path 
identifiers forthe soft hand-off, wherein the channel 
identifiers are identical in the incoming combination 
and the outgoing combination. 

7. The method according to claim 1 furthercomprising 
the step of: 

establishing a consolidating database for de- 
fining an incoming combination and an outgoing 
combination of one or more channel identifiers and 
virtual path identifiers for the soft hand-off, wherein 
the channel identifiers are identical in the incoming 
combination and the outgoing combination and 
wherein the virtual path identifiers are identical for 
the incoming and outgoing combinations. 

8. The method according to claim 1 furthercomprising 
the step of: 

establishing a consolidating database for de- 
fining an incoming combination and an outgoing 
combination of one or more channel identifiers and 
virtual path identifiers for the soft hand-off, wherein 
the channel identifiers are different in the incoming 



combination and the outgoing combination and 
wherein the virtual path identifiers are identical for 
the incoming and outgoing combinations. 

5 9. A system for a soft hand-off comprising: 

a data packet receiver for receiving a plurality 
of generally duplicative incoming data packets 
associated with a reverse link of a soft hand-off; 
10 a selector for selecting a preferential one of the 

duplicative incoming data packets based on an 
evaluation of a signal quality factor associated 
with the duplicative incoming data packets; and 
a transmitter for sending the preferential one of 
15 the incoming duplicative data packets to a mo- 

bile switching center. 

10. The system according to claim 9 wherein the data 
packet receiver and the transmitter comprise a 

20 packet switching unit. 

1 1 . The system according to claim 9 further comprising 
a consolidating server including the selector and a 
storage device for storing a consolidating database. 

25 

1 2. The system according to claim 9 further comprising 
aconsolidating server including a storage device for 
storing a consolidating database, the consolidating 
database defining routing of the preferential data 

30 packet from a base station controller. 

1 3. The system according to claim 9 further comprising 
a consolidating database defining routing of the 
preferential data packet to the mobile switching 

35 center. 

14. The system according to claim 9 further comprising 
a consolidating database including virtual path 
identifiers and virtual channel identifiers; the virtual 

40 path identifiers identifying routing of the duplicative 
incoming data packets and the preferential data 
packet between at least one of the base stations 
and a mobile switching center and, the virtual chan- 
nel identifiers indicating destination channel ele- 

45 ments of voice handlers, participating in the soft 
hand-off ; at the mobile switching center. 

1 5. The system according to claim 9 further comprising 
a consolidating database including an incoming 

50 combination of one or more virtual path identifiers 
and virtual channel identifiers and an outgoing com- 
bination of one or more virtual path identifiers and 
virtual channel identifiers, the incoming combina- 
tion defining communications between the data 

55 packet receiver and base stations of a soft hand-off, 
and the outgoing combination defining communica- 
tions between a data packet transmitter and the mo- 
bile switching center. 
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16. The system according to claim 9 further comprising pie packets as internet protocol packets, 

a consolidating database for defining a first link be- 
tween the data packet receiver and base stations 
with independent virtual channel connections and 
for defining a second link between the data packet 5 
transmitter and a mobile switching center. 



1 7. The system according to claim 9 further comprising 
a consolidating database for defining an incoming 
combination and an outgoing combination of one or 10 
more channel identifiers and virtual path identifiers, 
wherein the channel identifiers are identical in the 
incoming combination and the outgoing combina- 
tion and wherein the virtual path identifiers are iden- 
tical for the incoming combination and the outgoing 15 
combination. 



18. A method for improving efficiency of transmission 
capacity between a mobile switching center and a 
base station controller in a wireless network, the 20 
method comprising: 

receiving a group of incoming duplicative data 
packets at a base station controller from multi- 
ple legs of base stations participating in a soft 25 
hand-off; 

consolidating the group of incoming duplicative 
data packets to form one representative data 
packet from the group; and 

transmitting the representative packet from the 30 
base station controller to the mobile switching 
center. 



1 9. The method according to claim 1 8 wherein the con- 
solidating step forms the representative packet by 35 
a frame-selection process, 

20. The method according to claim 1 8 wherein the con- 
solidating step comprises an error-correction proc- 
ess. 40 

21. The method according to claim 18 comprising the 
step of carrying voice information over the single 
representative data packet and the multiple incom- 
ing duplicative data packets as adaptation layer 45 
type-two packets placed within asynchronous 
transfer mode cells. 

22. The method according to claim 18 comprising the 
step of carrying data information overthe single rep- 50 
resentative data packet and the multiple incoming 
duplicative data packets as adaptation layer type 
five packets placed within asynchronous transfer 
mode cells. 

55 

23. The method according to claim 18 comprising the 
step of carrying data information overthe single rep- 
resentative packet and incoming duplicative multi- 
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FIG. 7B 
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